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@  PTFE  compositions  containing  anisotropic  melt-forming  polymers. 

@  Compositions  containing  a  polymer  of  PTFE  and  a 
polymer  capable  of  exhibiting  an  anisotropic  melt  char- 
acterised  in  that  the  compositions  contain  between  0.05 
and  99.5%  of  PTFE  and  0.5  to  99.95%  by  weight  of  the 
polymer  capable  of  forming  an  anisotropic  melt.  The 
presence  of  a  minor  amount  of  the  anisotropic  melt- 
forming  polymer,  that  is,  from  0.5  to  50%  by  weight  of 
the  composition  enables  the  processability  of  PTFE  to 
be  improved,  even  to  the  extent  of  providing  an  injection 
mouldable  PTFE  composition.  Compositions  containing  20 
to  50%  by  weight  of  PTFE  confer  benefits  on  anisotropic 
melt-forming  polymers,  such  as  lubricity  and  greater  ver- 
satility  in  fabrication  operations.  Concentration  of  0.05  to 
5.0%  by  weight  of  PTFE  are  particularly  suitable  for  modi- 
fying  the  viscosity  characteristics  of  the  low  melt  viscos- 
ity  anisotropic  melt-forming  polymers  so  that  such  aniso- 
tropic  melt  polymers  are  less  subject  to  problems  such 
as  flashing  and  jetting  during  moulding. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  c o m p o s i t i o n   f o r m e d   f rom  a  

b l e n d   of   a  t e t r a f l u o r o e t h y l e n e   p o l y m e r   and  a  p o l y m e r  

c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c   m e l t .  

T e t r a f l u o r o e t h y l e n e   p o l y m e r s ,   t h a t   i s   h o m o p o l y m e r s   o f  

t e t r a f l u o r o e t h y l e n e   or   c o p o l y m e r s   c o n t a i n i n g   up  to   5%  b y  

w e i g h t   of   o t h e r   f l u o r i n a t e d   c o m o n o m e r s ,   h e r e i n a f t e r   t e r m e d  

PTFE,  c a n n o t   r e a d i l y   be  m e l t   p r o c e s s e d   by  c o n v e n t i o n a l  

t e c h n i q u e s   s u c h   as  i n j e c t i o n   m o u l d i n g .   A l t h o u g h   t h e  

h o m o p o l y m e r   h a s   a  m e l t i n g   p o i n t   a t   a b o u t   330°C  t h e  

m o b i l i t y   of   t h e   m e l t   up  to  t e m p e r a t u r e s   o f   400°C  is   so  l o w  

t h a t   t h e   p o l y m e r   c a n n o t   be  c a u s e d   to  f l o w   i n t o   a  m o u l d  

u n d e r   n o r m a l  c o n d i t i o n s .   A l t h o u g h   s h a p e d   a r t i c l e s   of   PTFE 

can  be  f a b r i c a t e d   by  t e c h n i q u e s   i n v o l v i n g   f o r m i n g   PTFE  

p o w d e r s   i n t o   s h a p e d   a r t i c l e s   p r i o r   to  s i n t e r i n g   to  f u s e  

a d j o i n i n g   p a r t i c l e s   t o g e t h e r   s u c h   p r o c e s s e s   do  n o t   h a v e  

t h e   p r o d u c t i v i t y   of   c o n v e n t i o n a l   m e l t - p r o c e s s i n g  

t e c h n i q u e s .   I m p r o v e m e n t s   in  t h e   p r o c e s s a b i l i t y   of   PTFE 

h a v e   now  b e e n   o b t a i n e d   by  t h e   use   of   PTFE  c o m p o s i t i o n s  

c o n t a i n i n g   a  m i n o r   p r o p o r t i o n   of   p o l y m e r s   w h i c h   a r e  

c a p a b l e   o f   f o r m i n g   a n i s o t r o p i c   m e l t s .  

C o m p o s i t i o n s   of   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r s   a n d  

PTFE  in  w h i c h   t h e   PTFE  is   p r e s e n t   as  t h e   m i n o r   p r o p o r t i o n  

a l s o   show  a d v a n t a g e s   f o r   d i f f e r e n t   r e a s o n s .   Thus  w h i l s t  

p o l y m e r   m e l t s   in  a n i s o t r o p i c   fo rm  may  be  v e r y   m o b i l e   a n d  

r e a d i l y   i n j e c t e d   i n t o   m o u l d s   t h e   low  v i s c o s i t y   may  in  s o m e  

c i r c u m s t a n c e s   be  a  d i s a d v a n t a g e .   The  p r e s e n c e   of  m i n o r  

a m o u n t s   of   PTFE  can   be  u s e d   to  e n h a n c e   t h e   m e l t   v i s c o s i t y  

c h a r a c t e r i s t i c s   of   t h e   a n i s o t r o p i c   m e l t .  

A c c o r d i n g l y ,   t h e r e   i s   p r o v i d e d   a  c o m p o s i t i o n   f o r m e d  

f rom  a  b l e n d   of   a  p o l y m e r   o f   PTFE  and  a  p o l y m e r   c a p a b l e   o f  

e x h i b i t i n g   an  a n i s o t r o p i c   m e l t   c h a r a c t e r i s e d   in  t h a t   t h e  

c o m p o s i t i o n   c o n t a i n s   b e t w e e n   0 . 0 5   and  99.5%  by  w e i g h t   o f  

PTFE  and  0 . 5   to   99 .95%  by  w e i g h t   of   t h e   p o l y m e r   c a p a b l e   o f  

f o r m i n g   an  a n i s o t r o p i c   m e l t .  



The  PTFE  may  be  in  any  o f   t h e   f o r m s   in  w h i c h   i t   i s  

n o r m a l l y   a v a i l a b l e .   Thus  i t   may  be  of   t h e   t y p e   f o r m e d   i n  

a  g r a n u l a r   p o l y m e r i s a t i o n   w h i c h   has   s u b s e q u e n t l y   b e e n  

d i s i n t e g r a t e d   and  d e n s i f i e d   to   a  f r e e - f l o w i n g   p o w d e r .  

A l t e r n a t i v e l y   i t   may  be  of   t h e   t y p e   p r e p a r e d   in  t h e  

p r e s e n c e   of   an  a q u e o u s   e m u l s i f i e r   s o l u t i o n   w h i c h   g i v e s  

r i s e   to   a  d i s p e r s i o n   of   p o l y m e r   p a r t i c l e s   b e t w e e n   a b o u t  

0 . 0 5   m i c r o n   and  0 . 5   m i c r o n   in  d i a m e t e r   w h i c h   c a n  

s u b s e q u e n t l y   be  c o a g u l a t e d   and  c o m p a c t e d   i n t o   p a r t i c l e s  

b e t w e e n   a b o u t   300  and  700  m i c r o n   in  d i a m e t e r .   When  u s e d  

in   c o m p o s i t i o n s   c o n t a i n i n g   s m a l l   q u a n t i t i e s   o f   PTFE  t h e  

l a t t e r   t y p e   of   d i s p e r s i o n   p o l y m e r   may  be  a d d e d   to   t h e  

a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r   in  t h e   fo rm  of   an  a q u e o u s  

d i s p e r s i o n ,   p r i o r   to   c o a g u l a t i o n ,   p r o v i d e d   t h a t   t h e  

p r e s e n c e   of   w a t e r   d o e s   n o t   a d v e r s e l y   e f f e c t   t h e   p r o p e r t i e s  

o f   t h e   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r .  

A  f u r t h e r   fo rm  o f   PTFE  w h i c h   may  be  u s e d   to  a d v a n t a g e  

i s   t h e   low  m o l e c u l a r   w e i g h t   f o r m   of   PTFE  f o r m e d   b y  

d e g r a d a t i o n   o f   t h e   g r a n u l a r   or  d i s p e r s i o n   t y p e s .   S u c h  

d e g r a d a t i o n   may  be  b r o u g h t   a b o u t   by  h e a t i n g   in  t h e  

p r e s e n c e   of   a  p o l y m e r   d e g r a d a n t   s u c h   as  p o t a s s i u m   n i t r a t e ,  

or   by  i r r a d i a t i o n   w i t h   y - r a y s .  
The  p o l y m e r s   c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c   m e l t  

w h i c h   a r e   s u i t a b l e   f o r   use   in  t h e   i n v e n t i o n   a r e  

s u b s t a n t i a l l y   l i n e a r   p o l y m e r s   in  w h i c h   a r e   i n c o r p o r a t e d  

s e q u e n c e s   of   r i g i d   u n i t s   or  l i n e a r   v i n y l   p o l y m e r s   h a v i n g  

p e n d a n t   g r o u p s   w h i c h   a r e   s u f f i c i e n t l y   s t i f f   to   g i v e   a n  

a n i s o t r o p i c   m e l t .   P r e f e r a b l y   t h e   p o l y m e r   s h o u l d   b e  

c a p a b l e   o f   e x h i b i t i n g   an  a n i s o t r o p i c   m e l t   a t   t e m p e r a t u r e s  

in  e x c e s s   of   t h e   m e l t i n g   p o i n t   of   t h e   PTFE  (327°C   in  t h e  

c a s e   of   PTFE  h o m o p o l y m e r )   and  d e s i r a b l y   s h o u l d   b e  

t h e r m a l l y   s t a b l e   a t   t e m p e r a t u r e s   w h i c h   e n a b l e   t h e   PTFE  t o  

be  s i n t e r e d ,   t h a t   i s ,   d e s i r a b l y   up  to   3 8 0 ° C .   H o w e v e r ,  

t h i s   i s   n o t   an  e s s e n t i a l   r e q u i r e m e n t   of   t h e   i n v e n t i o n   a n d  

u s e f u l   c o m p o s i t i o n s   can   be  o b t a i n e d   by  b l e n d i n g   PTFE  a n d  



an  a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r   a t   t e m p e r a t u r e s   b e l o w  

t h e   m e l t i n g   p o i n t   of   PTFE.  The  m e l t i n g   t e m p e r a t u r e   a n d  

t h e r m a l   s t a b i l i t y   of   t h e   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r  

s h o u l d   n o t   be  so  low  as  to   d e t r a c t   a p p r e c i a b l y   f rom  t h e  

e x c e l l e n t   h i g h   t e m p e r a t u r e   p e r f o r m a n c e   of   P T F E .  

S u i t a b l e   p o l y m e r s   a r e   d i s c l o s e d ,   f o r   e x a m p l e ,   i n  

B r i t i s h   p a t e n t   s p e c i f i c a t i o n   N o .  1   507  207  and  U n i t e d  

S t a t e s   P a t e n t   N o .  3   778  410 .   P o l y a z o m e t h i n e s   w h i c h   a r e  

c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c   m e l t   a r e   d e s c r i b e d   i n  

U n i t e d   S t a t e s   P a t e n t   N o .  4   048  148.   P o l y e s t e r a m i d e s   w h i c h  

a r e   c a p a b l e   of   f o r m i n g   a n i s o t r o p i c   m e l t s   a r e   d i s c l o s e d   i n  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  7 9 3 9 1 2 7 6 .  

P o l y e s t e r s   h a v i n g   p e n d a n t   m e s o g e n i c   v i n y l   g r o u p s   a r e  

d e s c r i b e d   in  German  p a t e n t   a p p l i c a t i o n   27  22  5 8 9 .  

A  m e t h o d   f o r   d e t e r m i n i n g   w h e t h e r   a  p o l y m e r   g i v e s  

a n i s o t r o p i c   m e l t   i s   d e s c r i b e d   in  B r i t i s h   p a t e n t  

s p e c i f i c a t i o n   N o .  1   507  2 0 7 .  

The  a d v a n t a g e s   a r i s i n g   f rom  t h e   c o m p o s i t i o n s   of   t h e  

i n v e n t i o n   a r e   d e p e n d e n t   on  t h e   r e l a t i v e   p r o p o r t i o n s   o f  

PTFE  and  t h e   p o l y m e r   c a p a b l e   of   f o r m i n g   t h e   a n i s o t r o p i c  

m e l t .   C o m p o s i t i o n s  c o n t a i n i n g   a  m a j o r   p r o p o r t i o n   of   P T F E ,  

i . e .   a t   l e a s t   50%  by  w e i g h t   of   t h e   c o m p o s i t i o n ,   h a v e   a  

m e l t   v i s c o s i t y   w h i c h   i s   r e d u c e d   in  r e l a t i o n   to  t h e   PTFE 

i t s e l f .   The  m e l t   v i s c o s i t y   o f   t h e   c o m p o s i t i o n   may  be  s o  

r e d u c e d   t h a t   t h e   p r o c e s s a b i l i t y   i s   i m p r o v e d   to  s u c h   a n  

e x t e n t   t h a t   c o n v e n t i o n a l   m e t h o d s   of  f a b r i c a t i n g   t h e   PTFE 

c o m p o s i t i o n   may  be  e m p l o y e d ,   s u c h   as  i n j e c t i o n   m o u l d i n g  

and  c o n v e n t i o n a l   e x t r u s i o n .   Such  c o m p o s i t i o n s   g e n e r a l l y  

r e q u i r e   a t   l e a s t   20%  by  w e i g h t   of   t h e   c o m p o s i t i o n   of   t h e  

a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r   to  b r i n g   a b o u t   a  

s u f f i c i e n t   r e d u c t i o n   in  p r o c e s s i n g   t e m p e r a t u r e .  
At  t h e   o t h e r   end  of   t h e   c o m p o s i t i o n   r a n g e   t h e  

p r o p e r t i e s   of   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r s   may  b e  

e n h a n c e d   by  t h e   p r e s e n c e   o f   s m a l l   q u a n t i t i e s   of   P T F E ,  

p a r t i c u l a r l y   in  t h e   r a n g e   0 . 0 5   t o   5.0%  by  w e i g h t   of  t h e  



t o t a l   c o m p o s i t i o n .   For   e x a m p l e ,   t h e   low  m e l t   v i s c o s i t y  

c h a r a c t e r i s t i c s   o f   s u c h   p o l y m e r s   may  be  f a v o u r a b l y  

m o d i f i e d   so  t h a t   p r o b l e m s  o f   f l a s h i n g   and  j e t t i n g   in  t h e  

m o u l d   a r e   r e d u c e d   as  i s   t h e   h i g h   a n i s o t r o p y   n o r m a a l y  
e x h i b i t e d   by  m o u l d i n g s   f o r m e d   f rom  a n i s o t r o p i c   m e l t s .  

Weld   l i n e   s t r e n g t h s   w h i c h   a r e   a l s o   o f t e n   u n a c c e p t a b l y   l o w  

f o r   e a s i l y   o r i e n t a t e d   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r s  

can   a l s o   be  u s e f u l l y   i m p r o v e d   by  t h e   a d d i t i o n   of   m i n o r  

a m o u n t s   o f   PTFE.  C o m p o s i t i o n s   c o n t a i n i n g   i n t e r m e d i a t e  

c o n c e n t r a t i o n s   of   PTFE,  f o r   e x a m p l e   in  t h e   r a n g e   20  t o   50% 

PTFE  by  w e i g h t   of   t h e   t o t a l   c o m p o s i t i o n   may  c o n f e r   u s e f u l  

a d v a n t a g e s   s u c h   as  l u b r i c i t y   in   a d d i t i o n   to  p r o v i d i n g  

c o m p o s i t i o n s   w h i c h   h a v e   g r e a t e r   v e r s a t i l i t y   in  f a b r i c a t i o n  

o p e r a t i o n s .  

The  c o m p o s i t i o n s   may  be  p r e p a r e d   by  any   of  t h e  

c o n v e n t i o n a l   m e t h o d s   f o r   b l e n d i n g   m a t e r i a l s .   The  m o s t  

c o n v e n i e n t   m e t h o d s   i n v o l v e   f o r m i n g   a  m i x t u r e   a t   a  

t e m p e r a t u r e   a t   w h i c h   t h e   a n i s o t r o p i c   m e l t - f o r m i n g   p o l y m e r  

i s   e x h i b i t i n g   an  a n i s o t r o p i c   m e l t .   T h i s   n e e d   n o t   be  a t   a  

t e m p e r a t u r e   in  e x c e s s   of   t h e   m e l t i n g   p o i n t   of   t h e   P T F E .  

On  t h e   o t h e r   h a n d ,   f u r t h e r   a d v a n t a g e s   may  be  o b t a i n e d   i f  

t h e   c o m p o s i t i o n   i s   f o r m e d   a t   a  t e m p e r a t u r e   a t   w h i c h   t h e  

PTFE  i s   a b o v e   i t s   m e l t i n g   p o i n t .   I t   i s   p r e f e r r e d   t h a t ,   i f  

t h e   b l e n d e d   c o m p o s i t i o n   c o n t a i n s   a  m a j o r   p r o p o r t i o n   o f  

PTFE  and  h a s   b e e n   p r e p a r e d   a t   a  t e m p e r a t u r e   b e l o w   t h e  

m e l t i n g   p o i n t   o f   t h e   PTFE,  t h a t   t h e   c o m p o s i t i o n   s h o u l d   b e  

t h e r m a l l y   s t a b l e   i f   s u b j e c t e d   to  a  t e m p e r a t u r e   a b o v e   t h e  

m e l t i n g   p o i n t   of   t h e   PTFE.  T h i s   e n a b l e s   a  c o m p o s i t i o n   t o  

be  f o r m e d   i n t o   a  s h a p e d   a r t i c l e   b e l o w   t h e   m e l t i n g   p o i n t   o f  

PTFE  b u t   to   be  s u b s e q u e n t l y   s i n t e r e d   w i t h   t h e   o b j e c t i v e   o f  

i m p r o v i n g   t h e   p r o p e r t i e s   o f   t h e   c o m p o s i t i o n .   T h i s  

r e q u i r e m e n t   i s   n o t   e s s e n t i a l   to   t h e   i n v e n t i o n   and  even   i n  

t h e   c a s e   in  w h i c h   t h e   c o m p o s i t i o n   i s   p r e p a r e d   a n d  

f a b r i c a t e d   b e l o w   t h e   m e l t i n g   p o i n t   o f   t h e   PTFE,  a r t i c l e s  

w i t h   v e r y   u s e f u l   p r o p e r t i e s   can   be  o b t a i n e d .  



The  c o m p o s i t i o n s   of   t h e   i n v e n t i o n   may  i n c l u d e   a  

v a r i e t y   of   m a t e r i a l s   c o n v e n t i o n a l l y   p r e s e n t   in   m o u l d i n g  

c o m p o s i t i o n s .   T h e s e   i n c l u d e   f i l l e r s   of   t h e   r e i n f o r c i n g   o r  

n o n - r e i n f o r c i n g   t y p e ,   in  b o t h   f i b r o u s   or  p a r t i c u l a t e   f o r m  

w h i c h   can   be  p r e s e n t   a t   f r o m   5  t o   60%  by  w e i g h t   of   t h e  

c o m p o s i t i o n .   T y p i c a l   f i l l e r s   a r e   g l a s s   f i b r e s   or  m e t a l  

p o w d e r s .   T h e r e   may  a l s o   be  i n c l u d e d   p i g m e n t s   and  o t h e r  

c o l o u r a n t s ,   l i g h t   and  h e a t   s t a b i l i s e r s ,   n u c l e a n t s ,   m o u l d  

r e l e a s e   a g e n t s ,   p l a s t i c i s e r s ,   f i r e - r e t a r d a n t   a d d i t i v e s   a n d  

v a r i o u s   o t h e r   s p e c i f i c   a d d i t i v e s   s u c h   as  p o l y m e r i c  

t o u g h e n i n g   a g e n t s .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  r e f e r e n c e   t o  

t h e   f o l l o w i n g   e x a m p l e s .  

EXAMPLE  1 

A  c o m p o s i t i o n   c o n t a i n i n g   70%  by  w e i g h t   o f  

' F l u o n '   G163  (a  g r a n u l a r   f o r m   of   PTFE  p o w d e r )   and  30%  b y  

w e i g h t   of   a  c o p o l y m e r   o f   c h l o r o h y d r o q u i n o n e   ( 0 . 5   m o l e ) ,  

t e r e p h t h a l i c   a c i d   ( 0 . 2 5   m o l e )   and  b i s ( p - c a r b o x y p h e n o x y  

e t h a n e )   ( 0 . 2 5   m o l e )   was  p r e p a r e d   by  t h e   m e l t - b l e n d i n g  

p r o c e d u r e   d e s c r i b e d   b e l o w   and  e v a l u a t e d   f o r   s u i t a b i l i t y  

f o r   use   in  an  i n j e c t i o n   m o u l d i n g   p r o c e s s .  
The  c o p o l y e s t e r   was  p r e p a r e d   a c c o r d i n g   to  t h e  

p r o c e d u r e   d e s c r i b e d   in   E x a m p l e   3  of   U n i t e d   S t a t e s   p a t e n t  

s p e c i f i c a t i o n   3  991  013.   The  p o l y m e r   had   an  i n t r i n s i c  

v i s c o s i t y   of   0 . 6   d l / g   ( m e a s u r e d   a t   25°C  on  a  0.5%  b y  

w e i g h t   s o l u t i o n   in  a  3 0 : 7 0   v / v   m i x t u r e   of   t r i f l u o r o a c e t i c  

a c i d : d i c h l o r o m e t h a n e ) .  

A  d r y   b l e n d   of   t h e   c o p o l y e s t e r   and  ' F l u o n '   G 1 6 3  

p o w d e r s   was  t u m b l e d   f o r   5  m i n u t e s   and  t h e n   fed   to  a  B u s s -  

Ko  s c r e w   e x t r u s i o n   c o m p o u n d e r   (Mode l   P R 4 6 / 1 1 D ) .   The  b l e n d  

was  c o m p o u n d e d   a t   a  n o m i n a l   b a r r e l   t e m p e r a t u r e   of   2 7 0 ° C  

and  t h e   e x t r u d e d   p r o d u c t   c h o p p e d   i n t o   g r a n u l e   f o r m .   T h e  

c o m p o u n d s   w e r e   i n j e c t i o n   m o u l d e d   a t   a  t e m p e r a t u r e   o f   2 7 0 ° C  

on  an  A r b u r g   A l l - R o u n d e r   220  ( IM22)  i n j e c t i o n   m o u l d i n g  

m a c h i n e   i n t o   t e n s i l e   b a r   s p e c i m e n s   and   110  mm  d i a m e t e r  



d i s c s   o f   3  mm  t h i c k n e s s .   The  c o m p o u n d   m o u l d e d   e a s i l y   i n t o  

i n j e c t i o n   m o u l d e d   s a m p l e s   h a v i n g   a  good   s u r f a c e   f i n i s h .  

The  t e n s i l e   b a r   g a v e   a  t e n s i l e   s t r e n g t h   v a l u e   o f  

47  MN/m2  and  a  f l e x u r a l   m o d u l u s   o f   5 . 9   G N / m 2 .  

F l e x u r a l   M o d u l u s   was  m e a s u r e d   on  t h e   d i s c s   a t   0°  and  9 0 °  

to   t h e   d i r e c t i o n   o f   f l o w   in   t h e   m o u l d .   V a l u e s   of   4 . 5   a n d  

2 .5   GN/m2  r e s p e c t i v e l y   w e r e   o b t a i n e d   i n d i c a t i n g   a n  

a n i s o t r o p y   r a t i o   of   1 . 8 .   D i s c s   of   t h e   c o m p o s i t i o n  

c o m p a r e d   f a v o u r a b l y   in  f r i c t i o n / w e a r   p r o p e r t i e s   w i t h   d i s c s  

of   PTFE  a l o n e .  

By  c o m p a r i s o n   a  d i s c   i n j e c t i o n   m o u l d e d   f rom  t h e  

c o p o l y e s t e r   a l o n e   showed   an  a n i s o t r o p i c   r a t i o   g r e a t e r   t h a n  

4 : 1 .   ' F l u o n '   G163  h a s   s u c h   a  h i g h   m e l t   v i s c o s i t y   t h a t   i t  

c a n n o t   be  f a b r i c a t e d   by  i n j e c t i o n   m o u l d i n g .  

The  c o m p o s i t i o n   was  a l s o   f o r m e d   i n t o   a  1 . 5   mm  t h i c k  

d i s c   m o u l d i n g .   T h i s   was  t r e a t e d   w i t h   o l e u m   to  e x t r a c t   t h e  

c o p o l y e s t e r   r e s i n .   A  d e n s e   f i l m   of  PTFE  p a p e r   was  l e f t  

b e h i n d .   T h i s   w o u l d   h a v e   a p p l i c a t i o n   f o r   f i l t e r i n g  

c o r r o s i v e   l i q u i d s ,   e l e c t r o l y t i c   c e l l   m e m b r a n e s   and  b a t t e r y  

s e p a r a t o r s .  

EXAMPLE  2 

The  e f f e c t   of   low  c o n c e n t r a t i o n s   o f   PTFE  on  t h e  

p r o c e s s i n g   b e h a v i o u r   of   an  a n i s o t r o p i c   m e l t - f o r m i n g  

p o l y m e r   was  i n v e s t i g a t e d   u s i n g   c o n c e n t r a t i o n s   o f   0 . 0 5   a n d  

0.5%  by  w e i g h t   of   ' F l u o n '   CD123  (a  h i g h   m o l e c u l a r   w e i g h t  

c o a g u l a t e d   PTFE  d i s p e r s i o n   p o w d e r )   in  t h e   c o p o l y e s t e r  

d e s c r i b e d   in  E x a m p l e   1.  The  m a t e r i a l s   w e r e   d r y   b l e n d e d  

and  t h e n   c o m p o u n d e d   a t   a  n o m i n a l   m e l t   t e m p e r a t u r e   o f   2 7 0 ° C  

on  a  B e t o l   e x t r u d e r .   M e a s u r e m e n t s   we re   made  of   t h e   m e l t  

v i s c o s i t y   a t   270°C  and  t h e   d i e   s w e l l   r a t i o   of  e x t r u d a t e  

u s i n g   a  c a p i l l a r y   r h e o m e t e r   w i t h   d i e   8  mm  in  l e n g t h   a n d  

1 . 1 8   mm  in  d i a m e t e r .   The  r e s u l t s   a r e   r e c o r d e d   i n  

T a b l e   1 .  



T h e  i n c r e a s i n g   d i e   s w e l l   r a t i o   i n d i c a t e s   t h a t   g r e a t e r  

c o n t r o l   o v e r   i n j e c t i o n   m o u l d i n g   v a r i a b l e s   can  be  a c h i e v e d  

and ,   in  p a r t i c u l a r ,   t h a t   f l a s h i n g   and  j e t t i n g   in  t h e   m o u l d  

can   be  r e d u c e d .  

In  f u r t h e r   e x p e r i m e n t s   in  w h i c h   t h e   s h e a r   s t r e s s   w a s  

v a r i e d   i t   was  n o t e d   t h a t   t h e   d i e   s w e l l   r a t i o   d e c r e a s e d  

w i t h   i n c r e a s i n g   s h e a r   s t r e s s   w h e r e a s   t h e   r e v e r s e   i s  

o b s e r v e d   f o r   c o n v e n t i o n a l   t h e r m o p l a s t i c   p r o c e s s i n g .  

EXAMPLE  3 

A  s e r i e s   of   c o m p o s i t i o n s   c o n t a i n i n g   v a r i o u s   t y p e s   o f  

PTFE  and  t h e   c o p o l y e s t e r   d e s c r i b e d   in  E x a m p l e   1  w e r e  

p r e p a r e d .   The  c o m p o s i t i o n s ,   l i s t e d   in  T a b l e   2,  w e r e  

b l e n d e d   on  a  V i c k e r s   T r a n s f e r   Mix  e x t r u d e r .   The  m e l t  

t e m p e r a t u r e s   r e c o r d e d   we re   m e a s u r e d   by  a  d i g i t a l  

t h e r m o m e t e r   p r o b e   in  t h e   d i e   of   t h e   e x t r u d e r .   T h e  

e x t r u d a t e   q u a l i t y   and  p r o c e s s a b i l i t y   w e r e   a s s e s s e d   f r o m  

t h e   v i s c o s i t y   c h a r a c t e r i s t i c s   o b s e r v e d   u s i n g   a  c a p i l l i a r y  

r h e o m e t e r   a t   a  m e l t   t e m p e r t u r e   o f   2 7 0 ° C .   T h e s e   r e s u l t s  

a r e   a l s o   r e c o r d e d   in  T a b l e   2 .  





EXAMPLE  4  

B l e n d s   of   PTFE  h o m o p o l y m e r   ( ' F l u o n '   G163)  a n d  

p o l y e s t e r s   o f   6 - h y d r o x y n a p h t h o i c   a c i d   and  p - h y d r o x y b e n z o i c  

a c i d   (as   d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n  

4  161  470)   we re   p r e p a r e d   by  d r y   b l e n d i n g   t h e   p o w d e r s  

f o l l o w e d   by  c o m p o u n d i n g   on  a  B r a b e n d e r   P l a s t o g r a p h  

c o m p o u n d i n g   m a c h i n e .   The  c o m p o s i t i o n s   and  t e m p e r a t u r e s  

e m p l o y e d   a r e   g i v e n   b e l o w   t o g e t h e r   w i t h   t h e   m e l t  

v i s c o s i t i e s   a t   330°C  m e a s u r e d   on  m i l l e d   s a m p l e s   of   t h e  

c o m p o u n d e d   p r o d u c t   u s i n g   a  m e l t   f l o w   g r a d e r   and  a  v e r y   l o w  

s h e a r   r a t e   (1  s e c - 1 ) .  

The  m e l t   v i s c o s i t y   of   ' F l u o n '   G163  i s   so  h i g h   t h a t   i t  

w i l l   n o t   f l o w   in  t h e   m e l t   f l o w   g r a d e r   and  no  c o m p a r a t i v e  

d a t a   can   be  g i v e n .  



EXAMPLE  5 

The  e f f e c t   of   i n c l u d i n g   an  a n i s o t r o p i c   m e l t - f o r m i n g  

p o l y m e r   on  t h e   p r o p e r t i e s   o f   PTFE  c o m p o s i t i o n s   d e s i g n e d  

f o r   b e a r i n g   a p p l i c a t i o n s   was  e x a m i n e d   in  t h i s   e x a m p l e .  

The  c o m p o s i t i o n s   l i s t e d   b e l o w   ( T a b l e   4)  were   e x t r u s i o n  

c o m p o u n d e d   by  d r y   b l e n d i n g   t h e   i n g r e d i e n t s   f o l l o w e d   b y  

c o m p o u n d i n g   a t   a  t e m p e r a t u r e   o f   280°C  on  a  s m a l l   B e t o l  

e x t r u d e r   a t   a  s c r e w   s p e e d   of   60  rpm.  The  p r o d u c t   w a s  

e x t r u d e d   as  a  1  mm  d i a m e t e r   l a c e   and  c u t   i n t o   g r a n u l e s   f o r  

m o u l d i n g .  

The  g r a n u l e   p r o d u c t   was  i n j e c t i o n   m o u l d e d   a t   280°C  o n  

an  A r b u r g   i n j e c t i o n   m o u l d i n g   m a c h i n e   f i t t e d   w i t h   a  l a r g e  

b a r r e l   and  an  open   n o z z l e   i n t o   d i s c s   of   d i a m e t e r   114  mm 

and  t h i c k n e s s   3  mm.  The  m o u l d   t e m p e r a t u r e   was  40°C  a n d  

t h e   i n j e c t i o n   s p e e d   and  p r e s s u r e   w e r e   s e t   to  90%  of   t h e  

maximum  o b t a i n a b l e   on  t h e   m a c h i n e .   The  t o t a l   c y c l e   t i m e  

was  42  s e c o n d s .   The  wea r   and  f r i c t i o n   p r o p e r t i e s   on  t h e  

d i s c s   w e r e   m e a s u r e d   on  an  A m s l e r   wea r   t e s t   m a c h i n e .   E a c h  

s p e c i m e n   was  t e s t e d   f o r   24  h o u r s   on  an  80  mm  d i a m e t e r   t e s t  

w h e e l   w i t h   a  s u r f a c e   f i n i s h   of   8  t o   12  m i c r o i n c h   CLA 

( c e n t r e   l i n e   a v e r a g e ) .  





The  r e s u l t s   o b t a i n e d   c o m p a r e   f a v o u r a b l y   w i t h  

c o n v e n t i o n a l   PTFE  c o m p o s i t i o n s   u s e d   in  b e a r i n g s .   T h e  

c o m p o s i t i o n s   h a v e   t h e   a d d e d   a d v a n t a g e   t h a t   t h e y   p e r m i t   a  

much  g r e a t e r   f r e e d o m   in  f a b r i c a t i o n   p r o c e d u r e s   to   p r o d u c e  

f i n i s h e d   b e a r i n g s   t h a n   do  n o r m a l   PTFE  c o m p o s i t i o n s .  



1.  A  c o m p o s i t i o n   f o r m e d   f rom  a  b l e n d   of  a  p o l y m e r  
of   PTFE  and  a  p o l y m e r   c a p a b l e   of   e x h i b i t i n g   an  a n i s o t r o p i c  

m e l t   c h a r a c t e r i s e d   in  t h a t   t h e   c o m p o s i t i o n   c o n t a i n s  

b e t w e e n   0 . 0 5   and  99.5%  by  w e i g h t   of   PTFE  and  0 .5   to   9 9 . 9 5 %  

by  w e i g h t   of   t h e   p o l y m e r   c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c  

m e l t .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e  

c o m p o s i t i o n   c o n t a i n s   f rom  50  t o   99.5%  by  w e i g h t   of  t h e  

c o m p o s i t i o n   of  P T F E .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to  e i t h e r   of   c l a i m s   1 

and  2  w h e r e i n   t h e   c o m p o s i t i o n   c o n t a i n s   f rom  5  t o   60%  b y  

w e i g h t   of   t h e   c o m p o s i t i o n   of   a  r e i n f o r c i n g   a n d / o r   a  n o n -  

r e i n f o r c i n g   f i l l e r ,   t h e   p e r c e n t a g e s   of   i n g r e d i e n t s   in  t h e  

c o m p o s i t i o n   t o t a l l i n g   1 0 0 % .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e  

c o m p o s i t i o n   c o n t a i n s   f rom  0 . 0 5   t o   5%  by  w e i g h t   of   P T F E .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  one  of   c l a i m s   1 

t o   4  in  w h i c h   t h e   p o l y m e r   w h i c h   i s   c a p a b l e   of   f o r m i n g   a n  

a n i s o t r o p i c   m e l t   i s   c a p a b l e   of   f o r m i n g   s u c h   a  m e l t   o v e r   a  

r a n g e   w h i c h   i n c l u d e s   t h e   t e m p e r a t u r e   a t   w h i c h   t h e   PTFE  c a n  

be  m e l t e d .  

6.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of   c l a i m s   1 

t o   4  in   w h i c h   t h e   p o l y m e r   c a p a b l e   of  f o r m i n g   a n  

a n i s o t r o p i c   m e l t   i s   n o t   c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c  

m e l t   a b o v e   t h e   m e l t   t e m p e r a t u r e   of   t h e   P T F E .  

7 .   A  m e t h o d   of   p r o d u c i n g   a  c o m p o s i t i o n   a c c o r d i n g   t o  

c l a i m   5  c o m p r i s i n g   m i x i n g   a  p a r t i c u l a t e   PTFE  and  a  p o l y m e r  

c a p a b l e   o f  f o r m i n g   an  a n i s o t r o p i c   m e l t   a t   a  m i x i n g  

t e m p e r a t u r e   of   a t   l e a s t   t h a t   of   t h e   m e l t i n g   p o i n t   of  t h e  

P T F E .  

8.  A   m e t h o d   of   p r o d u c i n g   a  c o m p o s i t i o n   a c c o r d i n g   t o  

c l a i m   6  c o m p r i s i n g   m i x i n g   a  p a r t i c u l a t e   PTFE  and  a  p o l y m e r  

c a p a b l e   of   f o r m i n g   an  a n i s o t r o p i c   m e l t   a t   a  m i x i n g  

t e m p e r a t u r e   b e l o w   t h a t   o f   t h e   m e l t i n g   t e m p e r a t u r e   of   t h e  

P T F E .  



9.  S h a p e d   a r t i c l e s   f o r m e d   f rom  a  c o m p o s i t i o n  

a c c o r d i n g   to   any  one  of  c l a i m s   1  t o   6 .  

10.  A  b e a r i n g   s u r f a c e   f o r m e d   f rom  a  c o m p o s i t i o n  

a c c o r d i n g   to   any  one  of   c l a i m s   1  t o   6 .  


	bibliography
	description
	claims

